TWO-WAY VALVE 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present Invention relates to a two-way valve for 
switching a valve-open state and a valve-closed state of a 
valve plug which is displaceable , for example, by a pilot 
pressure to switch the flowing of a fluid. 
Description of the Related Art : 

A two-way valve device is used to switch a 
communication state and a non-communication state of a fluid 
flowing through a fluid passage. In the device, a valve is 
displaceable by the pilot pressure to switch the flowing 
state of the fluid. 

As shown in FIG. 7, for example, such a two-way valve 1 
comprises a housing 3 formed with a fluid passage 2c which 
communicates with an inlet port 2a and an outlet port 2b for 
supplying/discharging the fluid. A bonnet 5, which includes 
an upper piston 4a and a lower piston 4b provided 
displaceably therein, is connected to an upper portion of 
the housing 3 . A spring 7 is interposed between the upper 
piston 4a and a cap member 6 which is installed in the 
bonnet 5. A diaphragm 9 is connected to a lower portion of 
a shaft 8 which is connected to the upper piston 4a and the 
lower piston 4b. 

The diaphragm 9 is formed of a resin material. A 
circumferential edge section 11 of a thin-walled film 



section 10, which extends radially outwardly from a 
substantially central portion, is interposed between the 
housing 3 and a guide member 12 which is provided in the 
housing 3 . 

5 The upper piston 4a and the lower piston 4b are 

displaced upwardly in the axial direction integrally by the 
pilot pressure introduced into the space disposed under the 
lower piston 4b, Accordingly, the shaft 8 integrally 
connected to the upper piston 4a and the lower piston 4b is 
10 displaced upwardly. Thus, the diaphragm 9 is separated from 

a valve seat 13 provided on the housing 3, which is a valve- 
open state. 

When the supply of the pilot pressure is stopped to be 
a state open to the atmospheric air, the upper piston 4a is 

15 pressed downwardly by the spring force of the spring 7. The 

diaphragm 9 is seated on the valve seat 13 by the shaft 8 
when the upper piston 4a is displaced. Accordingly, the 
flow of the fluid flowing through the fluid passage 2c is 
blocked (see, for example, columns 2 and 3 of United States 

20 Patent No. 5,002,086). 

In the two-way valve 1 described in United States 
Patent No. 5,002,086, when some gas or liquid flows through 
the fluid passage 2c of the housing 3, the gas itself or the 
gas generated by the vaporization of the liquid may enter 

25 the interior of the two-way valve 1 as a result of the 

permeation through the thin-walled film section 10 of the 
diaphragm 9 of the resin material, depending on the type of 
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the gas or the liquid (for example, hydrochloric acid). 

In such a situation, the gas may enter the interior of 
the bonnet 5, and the durability of the spring 7 provided in 
the bonnet 5 may be deteriorated by the influence of the 
5 gas* 

SUMMARY OF THE INVENTION 
A general object of the present invention is to provide 
a two-way valve which makes it possible to improve the 
10 durability by preventing a fluid from flowing into the 

interior of the body. 

The above and other objects, features, and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
15 accompanying drawings in which a preferred embodiment of the 

present invention is shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a plan view illustrating a two-way valve 
20 according to an embodiment of the present invention; 

FIG. 2 is a vertical sectional view taken along a line 
II-II shown in FIG. 1; 

FIG. 3 is, with partial omission, a vertical sectional 
view taken along a line II I -III shown in FIG. 1; 
25 FIG. 4 is, with partial omission, a vertical sectional 

view illustrating the valve-open state of the two-way valve 
shown in FIG. 3; 
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FIG. 5 Is a vertical sectional view taken along a line 
V-V shown in FIG* 1; 

FIG. 6 is a magnified vertical sectional view 
illustrating elements in the vicinity of first and second 
5 diaphragms of the two-way valve shown in FIG. 2; and 

FIG. 7 is a vertical sectional view illustrating a 
conventional two-way valve. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 With reference to FIGS. 1 to 5, reference numeral 20 

indicates a two-way valve according to an embodiment of the 
present invention . 

As shown in FIGS. 2 to 4 , the two-way valve 20 
comprises a valve body 22 through which a fluid flows, a 

15 connecting body 24 which is connected to an upper portion of 

the valve body 22, a housing 26 which is connected to an 
upper portion of the connecting body 24, and a valve 
mechanism section 28 which is arranged in the connecting 
body 24 and the housing 26. 

20 As shown in FIGS. 3 and 4, the valve body 22 has a 

first port 30 which is formed on one end and a second port 
32 which is formed on the other end. A communication 
passage (fluid passage) 34, which communicates with the 
first port 30 and the second port 32, is formed in the valve 

25 body 22. 

A valve seat 36, on which a first diaphragm 88 is 
seated as described later on, is formed in the communication 
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passage 34. Inner members 38 are arranged in the first port 
30 and the second port 32, which are inserted into openings 
of tubes 35 for flowing a chemical solution 37. For 
excunple, the chemical solution 37 is used to wash 
5 semiconductor chips. Lock nuts 42 are screwed with screw 

grooves 40 which are engraved on outer circumferential 
portions of the first port 30 and the second port 32. That 
is, the inner members 38, into which the tubes 35 are 
inserted, are connected by the lock nuts 42 to the first and 

10 second ports 30, 32. Therefore, liquid tightness is 

retained at the connecting portions of the tubes 35 
connected to the first port 30 and the second port 32. 

On the other hand, as shown in FIG. 2, a sensor plug 46 
is screwed with an installation hole 44 which is formed on 

15 the side surface of the valve body 22. A detecting section 

45 (for example, a pressure sensor) is connected with the 
installation hole 44. A check valve 48 of a resin material 
is interposed between the end surface of the sensor plug 46 
in the installation hole 44 and the end surface of the 

20 installation hole 44. The check valve 48 has a 

substantially central portion which is displaceable in the 
axial direction of the sensor plug 46 by the pressure of the 
fluid discharged to a communication passage 51 from a third 
port (connecting port) 50 (see FIG. 5) as described later 

25 on. 

An inner member 38 is arranged in the sensor plug 46, 
and is inserted into the opening of the tube 35. A lock nut 
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42 is screwed with a screw groove 40 formed on the outer 
circumference of the sensor plug 46. 

As shown in FIG. 5, a passage 52 is formed in the 
sensor plug 46, and penetrates in the axial direction. The 
5 passage 52 is formed substantially in a straight form so 

that the passage 52 faces a communication passage 51 formed 
through the side surface of the connecting body 24 and the 
third port 50 formed in the connecting body 24. 

That is, when the fluid is introduced through the third 

10 port 50 to the communication passage 51, the check valve 48 

is displaced toward the sensor plug 46 (in the direction of 
the arrow A) . Accordingly, the fluid in the passage 52 is 
pressed by the displacement of the check valve 48 toward the 
lock nut 42 (in the direction of the arrow A). The change 

15 of the pressure generated by the fluid is detected by the 

detecting section 45. The detecting section 45 may be 
provided outside the two-way valve 20 via the tube 35 as 
shown in FIGS. 2 and 5. Alternatively, the detecting 
section 45 may be provided inside the sensor plug 46. 

20 As shown in FIGS. 2 to 4 , the outer circumferential 

portion of the connecting body 24 is screwed on the valve 
body 22 with a screw groove 40 which is engraved on the 
inner circumferential portion. The valve body 22 and the 
connecting body 24 are connected integrally. 

25 A cylinder chamber 54, in which a piston 82 is arranged 

displaceably in the axial direction as described later on, 
is formed in the connecting body 24. 
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A buffer member 56 is installed to an annular groove 
formed on the lower surface of the cylinder chamber 54. 
When the piston 82 is displaced downwardly (in the direction 
of the arrow X2) by the repulsive forces of a first spring 
5 member (spring) 104 and a second spring member (spring) 106 

as described later on, the shock generated on the piston 82 
can be reduced by the buffer member 56. An insertion hole 
58 has a diameter smaller than that of the cylinder chamber 
54. The insertion hole 58 is formed under the cylinder 

10 chamber 54, and the cylinder chcunber 54 communicates with 

the communication passage 34 of the valve body 22. 

A first connecting plug 60 is. installed to the side 
surface of the connecting body 24. The pilot pressure 59 is 
supplied via a tube 35 to the first connecting plug 60. An 

15 inner member 38, which is inserted into the opening of the 

tube 35, is arranged in the first connecting plug 60. A 
lock nut 42 is screwed with a screw groove 40 formed on the 
outer circvimf erence of the first connecting plug 60. 

Projections 62a, 62b, which protrude so that they are 

20 opposed to one another in the directions toward the first 

connecting plug 60, are formed in the circumferential 
direction on the side surfaces of the valve body 22 and the 
housing 26, respectively. The projections 62a, 62b are 
engaged with recesses 64 of the first connecting plug 60. 

25 Therefore, the first connecting plug 60 is installed 

displaceably in the circumferential direction to the side 
surface of the connecting body 24. 
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Seal members 66 are installed to annular grooves formed 
on the side surface of the connecting body 24 to which the 
first connecting plug 60 is installed. Therefore, the pilot 
pressure 59, which is supplied via a passage 68 of the first 
connecting plug 60, does not leak outside. 

The passage 68 of the first connecting plug 60 
communicates with the cylinder chamber 54 via a fourth port 
70 which is formed through the side surface of the 
connecting body 24 and a communication chamber 72 which is 
formed in the connecting body 24. 

A screw groove 40 is engraved on an upper outer 
circumferential portion of the connecting body 24, with 
which an inner circumferential portion of the housing 26 is 
screwed. Accordingly, the connecting body 24 and the 
housing 26 are connected to one another integrally. A 
chamber 74 is formed in the housing 26. 

A second connecting plug (connecting member) 76, to 
which a pressure fluid (for example, nitrogen gas) is always 
supplied via a tube 35, is installed to an upper portion of 
the housing 26 in order to avoid any deterioration of the 
first spring member 104 and the second spring member 106. 

An inner member 38, which is inserted into the opening 
of the tube 35, is arranged in the second connecting plug 
76. A lock nut 42 is screwed with a screw groove 40 formed 
on the outer circumference of the second connecting plug 76. 

The second connecting plug 76 is integrally screwed 
with an upper portion of the housing 26. A passage 78, 



which is formed in the axial direction in the second 
connecting plug 76, communicates with the chamber 74 via a 
communication passage 80 of the housing 26. That is, for 
example, the nitrogen gas supplied from a nitrogen gas 
supply source 81 is subjected to pressure reduction to have 
a predetermined pressure by means of a pressure-reducing 
valve 83, and then the nitrogen gas is supplied into the 
chamber 74 from the second connecting plug 76 via the tube 
35 connected to the pressure -reducing valve 83. The 
interior of the chamber 74 is always filled with the 
nitrogen gas, since the nitrogen gas is continuously 
supplied into the chamber 74. Therefore, the first spring 
member 104 and the second spring member 106 can be prevented 
from any deterioration (for excunple, any corrosion). 

The pressure fluid supplied to the second connecting 
plug 76 is not limited to the nitrogen gas. Any pressure 
fluid may be used as long as the fluid avoids the 
deterioration of the first spring member 104 and the second 
spring member 106 provided in the chamber 74. 

The valve mechanism section 28 includes the piston 82 
which is provided displaceably in the axial direction in the 
cylinder chamber 54, and a shaft 86 which is inserted into a 
substantially central portion of the piston 82 and which is 
connected to the piston 82 by a nut 84. The valve mechanism 
section 28 further includes the first diaphragm 88 which is 
integrally connected to a lower end portion of the shaft 86, 
a holding member 90 which is installed to a shaft section 



118 of the first diaphragm 88 and which is displaceable 
together with the piston 82, and a thin plate-shaped second 
diaphragm 92 which is interposed between the first diaphragm 
88 and the holding member 90, 

The piston 82 is formed to have a substantially T- 
shaped cross section. As shown in FIGS, 2 to 4, a large 
diameter section 94 on the upper side is inserted into the 
cylinder chamber 54. A small diameter section 96 on the 
lower side having a diameter smaller than that of the large 
diameter section 94 is inserted iiito the insertion hole 58. 
A piston packing 98a is installed to an annular groove 
formed on the outer circumferential surface of the large 
diameter section 94, which retains air tightness in the 
cylinder chamber 54 when the piston 82 slides by contacting 
the inner circumferential surface of the cylinder chamber 
54. 

A piston packing 98b is also installed to an annular 
groove formed on the outer circumferential surface of the 
small diameter section 96 in the same manner as described 
above, which retains air tightness of the cylinder chamber 
54 and the communication passage 34 of the valve body 22 by 
contacting the inner circumferential surface of the 
insertion hole 58 as shown in FIGS. 1 to 4 . 

Annular recesses 100 are formed on the upper surface of 
the piston 82. The first spring member 104 is interposed 
between the annular recess 100 and a spring -receiving member 
102 which is installed to the upper surface of the chamber 



74. One end of the first spring member 104 installed to the 
upper surface of the piston 82 is fastened by the annular 
recess 100 which is recessed by a predetermined depth. 
Therefore, no displacement is made in the radial direction. 
5 The second spring member 106 is interposed between the 

spring-receiving member 102 and the annular recess 100 of 
the piston 82 on the inner circumferential side of the first 
spring member 104. The first spring member 104 and the 
second spring member 106 urge the piston 82 downwardly (in 

10 the direction of the arrow X2). 

On the other hand, a through-hole 108 is formed 
penetratingly through a substantially central portion of the 
piston 82. The shaft 86 is inserted into the through-hole 
108. A flange section 110 has an expanded diameter at a 

15 lower portion of the shaft 86, and is engaged with an 

engaging groove 112 which is formed on the lower surface of 
the piston 82. The nut 84 is screwed with a screw section 
114 formed at an upper portion of the shaft 86 with a washer 
116 interposed therebetween. Accordingly, the piston 82 and 

20 the shaft 86 are connected to one another integrally. 

As shown in FIG. 5, the first diaphragm 88 is formed of 
a resin material (for example, PTFE 

(polytetraf luoroethylene) ) • The first diaphragm 88 
comprises the shaft section 118 which is integrally screwed 
25 with the lower end of the shaft 86, a main body section 120 

which protrudes from the lower end of the shaft section 118 
and which is to be seated on the valve seat 36, and a thin- 
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walled first skirt section 122 which extends radially 
outwardly from the side surface of the main body section 
120. A circumferential edge 123 of the skirt section 122 is 
interposed between the valve body 22 and the connecting body 
24. 

The first diaphragm 88 freely opens/closes the 
communication passage 34 for communication between the first 
port 30 and the second port 32 such that the main body 
section 120 is seated on the valve seat 36 formed on the 
valve body 22 or the main body section 120 is separated from 
the valve seat 36. 

The second diaphragm 92, which is composed of a resin 
material (for example, PTFE), is arranged over the first 
diaphragm 88. The second diaphragm 92 comprises an inner 
edge 125 which is interposed between the holding member 90 
and the main body section 120 of the first diaphragm 88, a 
second skirt section 127 which extends radially outwardly 
from the inner edge 125, and an outer edge 129 which is 
provided at the outer circumference of the second skirt 
section 127 and which is interposed between the 
circumferential edge 123 of the first diaphragm 88 and the 
lower surface of the connecting body 24. The inner edge 125 
of the second diaphragm 92 is axially attached to the upper 
surface of the main body section 120 of the first diaphragm 
88. 

A surrounded space 124 is formed between the first 
skirt section 122 of the first diaphragm 88 and the second 



skirt section 127 of the second diaphragm 92. A buffering 
spring member (elastic member) 126 is arranged in the space 
124, and is bent in a wavy form at a plurality of positions 
(or corrugated) from the inner circumferential side toward 
5 the outer circumferential side of the first diaphragm 88 and 

the second diaphragm 92. 

The buffering spring member 126 is formed of a resin 
material (for example, PTFE) in the same manner as the first 
and second diaphragms 88, 92. The buffering spring member 

10 126 is interposed between the first diaphragm 88 and the 

second diaphragm 92 so that the buffering spring member 126 
contacts the wall surface of the first diaphragm 88 and the 
wall surface of the second diaphragm 92. 

That is, the buffering spring member 126 urges the 

15 first skirt section 122 and the second skirt section 127 to 

be separated from each other. Therefore, the first skirt 
section 122 and the second skirt section 127 are always 
spaced from each other by a predetermined distance. Even 
when the pressure is applied from the fluid to the first 

20 skirt section 122 in the thin-walled shape at the time of 

the fluid flowing from the first port 30 to the second port 
32, it is possible to protect the first skirt section 122, 
because the pressure is buffered by the buffering spring 
member 126. 

25 As shown in FIGS. 2 and 3, the holding member 90 is 

• integrally installed to the outer circumferential surface of 
the shaft section 118 of the first diaphragm 88. The 
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holding member 90 retains the upper surface of the second 
diaphragm 92 by a holding section 128 which is disposed at a 
lower portion thereof and which is expanded radially 
outwardly . 

5 The two-way valve 20 according to the embodiment of the 

present invention is basically constructed as described 
above. Next, its operation, function, and effect will be 
explained . 

FIG. 3 shows that the pilot pressure 59 is not supplied 

10 into the cylinder chamber 54 via the first connecting plug 

60, and the first diaphragm 88 is seated on the valve seat 
36 by the repulsive forces of the first spring member 104 
and the second spring member 106 to block the communication 
between the first port 30 and the second port 32. 

15 Starting from the state as described above, the pilot 

pressure 59 (for example, compressed air) is supplied into 
the cylinder chamber 54 via the tube 35 connected to the 
first connecting plug 60. 

As shown in FIG. 4, the piston 82 is displaced upwardly 

20 (in the direction of the arrow XI) against the repulsive 

forces of the first spring member 104 and the second spring 
member 106 by the pilot pressure 59 supplied to the cylinder 
chamber 54. During this process, the shaft 86 connected to 
the substantially central portion of the piston 82 is 

25 displaced upwardly (in the direction of the arrow XI) 

integrally, and the main body section 120 of the first 
diaphragm 88 connected to the lower end of the shaft 86 is 
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separated from the valve seat 36. Thus, the first port 30 
communicates with the second port 32 via the communication 
passage 34. Accordingly, the fluid flows from the first 
port 30 to the second port 32. 

The second diaphragm 9 2 is displaced upwardly (in the 
direction of the arrow XI) together with the buffering 
spring member 126 by the displacement of the first diaphragm 
88 in the upward direction (direction of the arrow XI). 

When the fluid (for example, the chemical solution 37 
for washing semiconductor chips) from the first port 30 
flows through the communication passage 34 to the second 
port 32, then the first skirt section 122 of the first 
diaphragm 88 is pressed by the fluid, and the buffering 
spring member 126 is pressed in the direction toward the 
second diaphragm 92 via the first skirt section 122. During 
this process, the pressing force exerted by the fluid is 
absorbed by the contraction of the buffering spring member 
126. Therefore, the pressing force, which is exerted on the 
first skirt section 122 of the first diaphragm 88, is 
buffered, and it is possible to improve the durability of 
the first diaphragm 88. 

On the other hand, when the fluid flows through the 
communication passage 34, the fluid permeates into the space 
124 through the thin-walled first skirt section 122 of the 
first diaphragm 88 depending on the type of the fluid. Even 
in such a situation, the second diaphragm 92 makes it 
possible to prevent the interior of the chamber 74 of the 



housing 26 from being invaded by the fluid permeated through 
the first skirt section 122, because the second diaphragm 92 
is arranged over the first skirt section 122 with the space 
124. 

5 Additionally, if the fluid entered the space 124 

through the first skirt section 122 of the first diaphragm 
88, the concentration of the fluid is lowered by the air 
contained in the space 124. Therefore, the first spring 
member 104 and the second spring member 106, which are 

10 interposed in the chamber 74, are not deteriorated by the 

permeated fluid. 

Even if the permeated fluid should enter the interior 
of the connecting body 24 from the first skirt section 122 
of the first diaphragm 88 via the space 124 and the second 

15 skirt section 127 of the second diaphragm 92 by chance, the 

fluid is discharged from the third port 50 to the 
communication passage 51. The check valve 48 is displaced 
by the fluid toward the sensor plug 46 (in the direction of 
the arrow A) , and the fluid contained in the passage 52 is 

20 displaced outside. As a result, the detecting section 45 

detects the change of the fluid. Thus, it is possible to 
confirm the entry of the permeated fluid into the connecting 
body 24. 

Reversely to the above, it is explained that starting 
25 from the valve -open state (see FIG. 3) in which the first 

diaphragm 88 is separated from the valve seat 36, the first 
diaphragm 88 is seated on the valve seat 36 to block the 
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communication between the first port 30 and the second port 
32 (the valve-closed state (see FIG. 2)). The supply of 
the pilot pressure 59 from the tube 35 connected to the 
first connecting plug 60 is stopped to be open to the 
atmospheric air. 

As a result of the interior of the cylinder chamber 54 
being open to the atmospheric air, the piston 82 displaced 
upwardly by the action of the pilot pressure 59 is now 
displaced downwardly (in the direction of the arrow X2) by 
the resilient forces of the first spring member 104 and the 
second spring member 106- During this process, the shock 
generated when the piston 82 abuts against the lower surface 
of the cylinder chamber 54 is reduced by the buffer member 
56 provided on the lower surface of the cylinder chamber 54. 

When the piston 82 is displaced downwardly (in the 
direction of the arrow X2), the first diaphragm 88 
integrally connected by the shaft 86 is seated on the valve 
seat 36 and the communication between the first port 30 and 
the second port 32 is blocked (the valve-closed state). 

As described above, in the embodiment of the present 
invention, the second diaphragm 92 is provided over the 
first skirt section 122 of the first diaphragm 88 while 
being spaced by the predetermined distance, and the second 
diaphragm 92 is displaced integrally by the displacement of 
the piston 82 in the axial direction. Even when the fluid 
flowing through the communication passage 34 of the valve 
body 22 permeates through the first skirt section 122, it is 



possible to avoid the entry of the fluid Into the connecting 
body 24 and the housing 26 by the second diaphragm 92 and 
the space 124. Therefore, the first spring member 104 and 
the second spring member 106, which are In the chamber 74 of 
the housing 26, are prevented from being deteriorated by the 
fluid. 

The buffering spring member 126, which Is corrugated. 
Is arranged In the space 124 which Is defined between the 
first skirt section 122 of the first diaphragm 88 and the 
second skirt section 127 of the second diaphragm 92. 
Therefore, when the fluid flows through the communication 
passage 34, the pressing force exerted on the first skirt 
section 122 can be absorbed and reduced by the contraction 
of the buffering spring member 126 in the direction toward 
the second diaphragm 92. Accordingly, the loads generated 
on the first skirt section 122 of the first diaphragm 88 and 
the second skirt section 127 of the second diaphragm 92 are 
reduced, making it possible to improve the durability. 

If the first skirt section 122 of the first diaphragm 
88 is broken by chance, the second diaphragm 92 can be 
substituted for the first diaphragm 88 to switch the 
communication of the fluid flowing from the first port 30 to 
the second port 32. 

The second connecting plug 76 Installed to the upper 
portion of the housing 26 is connected to the nitrogen gas 
supply source 81 via the tube 35. Thus, the nitrogen gas is 
always supplied to the chamber 74 which is communicated with 
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the second connecting plug 76. Therefore, the deterioration 
(for example, corrosion) of the first spring member 104 and 
the second spring member 106 interposed in the chamber 74 
can be appropriately avoided by the nitrogen gas. 
5 While the invention has been particularly shown and 

described with reference to preferred embodiments, it will 
be understood that variations and modifications can be 
effected thereto by those skilled in the art without 
departing from the spirit and scope of the invention as 
10 defined by the appended claims. 
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